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Using recent experimental data and various theoretical calculations on form factors, 
we reanalyze the effective parameters ai and and their ratio. 



Nonleptonic two-body decays of mesons were conventionally studied in the 
generalized factorization approach, in which the factorized decay amplitude is 
associated with the effective coefficients 

<2 = <2 + cI ff l[(W+Xl, 2 ], (1) 

where cf^ are the effective Wilson coefficients and the nonfactorized terms are 
expressed by Xi,2- For simplicity, in what follows we will drop the superscript 
"eff" of al s 2 ■ Based on the generalized factorization assumption, one can 
catalog the decay processes into three different classes. For class-I decays, 
the decay amplitudes, dominated by color-allowed external W-emission, are 
proportional to the a\ parameter. For class-II decays, the decay amplitudes, 
governed by color-suppressed internal W-emission, are described by a 2 . The 
decay amplitudes of the class-Ill involve a linear combination of a\ and a 2 . 
From the data analysis, contrary to the case of charmed meson decays in 
which a 2 is negative and \ ~ —1/N C , a 2 is positive in two-body decays of the 
B meson. X2(i) coming from the contribution of the matrix element of the color 
octet-octet and singlet-singlet currents, since it is made of nonfactorizable soft 
gluon effects in itself, will become more important if the final particles move 
slower Era. Therefore, we naively expect that \Xi(D — > V P)\ > \xt{D — > 
P P)\ > \xi(B —> V P)\, where P is the pseudoscalar meson and V the vector 
meson. The data of B — > J/ty K 1 -*^ which are class-II decay modes can be 
used to study the absolute value of a 2 . However, the experimental results are 
quite difficult to account for the observed longitudinal polarization fraction 
r L /r and the ratio R = T(B -> J/3> K*)/T(B -> J/* K) simultaneously 
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Table 1: The effective parameter ai extracted from B — > £)(*) D^*' using different form- 
factor models. 







BSWI 


BSWII 


LF 


SR+HQET 


NS 


B° 


-> D + D~ 


1.05±0.16 


1.05±0.16 


1.06±0.16 


1.17±0.18 


1.32±0.20 


B~ 


- D*DJ 


0.80±0.15 


0.80±0.15 


0.81±0.15 


0.89±0.17 


1.01±0.19 


B° 


-> D+D* s ~ 


1.24±0.31 


1.10±0.27 


1.11±0.28 


1.26±0.31 


1.43±0.36 


B~ 


- D°D*~ 


1.14±0.25 


1.10±0.22 


1.02±0.23 


1.16±0.26 


1.32±0.29 


B° 


-> D*+DJ 


1.34±0.24 


1.21±0.21 


1.11±0.28 


1.09±0.19 


1.03±0.18 


B~ 


- D*°D7 


1.46±0.30 


1.31±0.28 


1.02±0.23 


1.18±0.25 


1.12±0.23 


B° 


-> D*+D*~ 


0.88±0.15 


0.90±0.16 


0.83±0.15 


0.86±0.15 


0.85±0.15 


B~ 


-> D*°i?r 


1.05±0.20 


1.07±0.20 


0.99±0.18 


1.03±0.19 


1.02±0.19 




Average 


1.03±0.07 


1.01±0.07 


0.97±0.07 


1.03±0.07 


1.06±0.07 



using the existing form factor calculations. To accommodate the data, it has 
been advocatedB a modification to the generalized factorization hypothesis so 
that 0,2 is process dependent. In this talk, we focus on the.. extraction of the 
value ax, \a 2 \, and Oa/ai from the current experimental dataa and various form 
factor calculations □, the BSWI model, the BSWIIjnodelH, the LF modelEI, 
the NS modelQ, the QCD sum rule results (Yang)B, and the light-cone sum 
rule calculations (LC) H. Since the accuracy of these values still suffers from 
reliability of the form factor calculations, we desire that an objective estimation 
can be obtained. 

Here will consider the decay amplitudes of processes which have been mea- 
sured experimentally: 

• ClassI: B~ -> L>W°L>i* K , B° d -> and B° -> £>(*)+ n~(p-) , 

• Class II: B~ J/* and B° -» J/fK^° . 

• Class III: B~ -> I)W n~(p-) , 

The value of 0(1,2) can be extracted from the above data of the class- (1,11) type 
transitions, while their ratio can be obtained by the the following ratios: 



B(B~ - 


-> £> 7T-) 


R 2 


_ B ( B ~ ■ 


- D°p~) 


B{B° - 


■* D+7T-)' 


~ B(B° - 


+ D+p-) 


B(B~ - 
B(B° - 


-» D*°ir-) 


i?4 


_ B{B- - 
~ B{B° - 


-*D*°p-) 
■+ D*+p~) 



(2) 



The hadronic matrix element of effective operators Oi^2 can be redefined in 
the scheme- and scale(^)-dependent ways (O(p)) = g(fi)(0) tree 1 where (O)tree 
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Table 2: The effective parameter ai extracted from B® — > £)(*)+ n (p ) using different 
form-factor models. 







BSWI 


BWSII 


LF 


SR+HQET 


NS 




-+ D + TT- 


0.89±0.06 


0.89±0.06 


0.88±0.06 


1.15±0.08 


1.31±Q.09 


B° - 


-> D+p- 


0.91±0.08 


0.90±0.08 


0.89±0.08 


1.13±0.10 


1.29±0.11 


B° - 


+ D*+TT- 


0.98±0.04 


0.98±0.04 


0.84±0.03 


0.93±0.04 


0.89±0.03 


B° - 




0.86±0.21 


0.87±0.21 


0.75±0.18 


0.83±0.20 


0.80±0.20 


Average 


0.95±0.03 


0.94±0.03 


0.85±0.03 


0.98±0.03 


0.96±0.03 



Table 3: The effective parameter | a.2 1 extracted from B — > J/W K^*> using different form- 
factor models. 





BSWI 


BSWII 


LF 


NS 


Yang 


LC 


B+ -+ 

B° -> J/VK 
Average 


0.33±0.02 
0.32±0.02 
0.32±0.01 


0.22±0.01 
0.21±0.01 
0.22±0.01 


0.28±0.01 
0.27±0.02 
0.28±0.01 


0.36±0.02 
0.35±0.02 
0.36±0.01 


0.37±0.02 
0.36±0.02 
0.36±0.01 


0.30±0.02 
0.29±0.02 
0.30±0.01 


B+ -> J/*AT*+ 
B° -+ J/*iv*° 
Average 


0.20±0.02 
0.19±0.01 
0.20±0.01 


0.21±0.02 
0.21±0.01 
0.22d=0.01 


0.25±0.02 
0.25±0.02 
0.26±0.01 


0.24±0.02 
0.25±0.02 
0.25±0.01 


0.39±0.04 
0.39±0.03 
0.40±0.02 


0.20±0.02 
0.19±0.01 
0.20±0.01 



is fjj- independent. We thus can rewrite the matrix element of the effective 
Hamiltonian (H D g) as the product of c eff and (O)trcc, both of which are scheme- 
and /i-independent. The only relevant scale, which is implicit and of order mj,, 
separating c cff and (O)tree is the energy release of B decays. —Here we use 
df 1 — 1.149 and — —0.325, to the next-to-leading order 113. Using the 
theoretical results of-form factors and the experimental data from the Particle 
Data Group (PDG)H, one can easily extract the values of Oi, |oa|, and 02/01. 
The results are listed in Tables [l], ^, ||, and S. In Tables |l| and 0, the updated 
data are used for the parameters of NS, while the results of SR+HQET [] are 
gotten by the NS formula but the parameters are obtained from th£ sum rule 
results and the predictions of the heavy quark effective theory O. All the 
results [] in Tables [l] and § indicate that the value of cti, which is very close to 
1, seems to follow the pattern a x (B -> HWni*') > a x {B -> D^*h(p)) . 

For B J/* JCW, since they are color suppressed and sensitive to the 
nonfactorizablc contributions, therefore, they are very good examples to ex- 

'We wilhuse the B — » £)(*3 form-factor results of SR+HQET as subsidiaries of the Yang'sE 
and LCu calculations, since Yang's sum rules and LC only show the form factors of the B 
meson into a light meson. 

c The class-I transitions determine the absolute value of 01. However, since this kind of 
processes is color allowed, we expect the sign of ai is the same as that of Cj ff and is therefore 
positive. 
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Table 4: R, T L /V, and |P| 2 from various form factor calculations based on the generalized 
factorization hypothesis together with the CLEO new data. 





BSWI 


BSWII 


LF 


NS 


Yang 


LC 


CLEO 


R 


4.15 


1.58 


1.79 


3.17 


1.30 


3.48 


1.45 ±0.26 


T L /T 


0.57 


0.36 


0.53 


0.49 


0.42 


0.47 


0.52 ±0.08 


\P\ 2 


0.09 


0.24 


0.09 


0.12 


0.19 


0.23 


0.16 ±0.09 



Table 5: 0,2/0,1 extracted from the PDG data. 





BSWI 


BSWII 


LF 


NS 


Yang 


LC 


Ri 


0.29±0.10 


0.29±0.10 


0.38±0.13 


0.28±0.10 


0.29±0.10 


0.27±0.10 


R2 


0.59±0.30 


0.52±0.27 


0.56±0.28 


0.43±0.22 


1.21±0.62 


0.34±0.17 


Rs 


0.23±0.06 


0.20±0.06 


0.31±0.09 


0.30±0.09 


0.28±0.08 


0.25±0.07 


R4, 


0.55±0.40 


0.67±0.49 


0.85±0.62 


0.79±0.58 


1.50±1.09 


0.62±0.45 


Average 


0.26±0.05 


0.23±0.05 


0.35±0.07 


0.31±0.06 


0.30±0.06 


0.27±0.05 



plore the generalized factorization hypothesis to see if a 2 is universal. On 
the other hand, since the energy release in B — > J/^ K is close to that in 
B — > J/ty K* , we expect that the extracted values of ci2 1 from these two kinds 
of processes can be slightly different (the so-called minimal modified factoriza- 
tion hypothesis). However, from Table [| we know that only BSWII, LF, and 
Yang's sum rules can satisfy our expectation. 

The other ways to examine the generalized factorization hypothesis and/or 
the quality of various form factor results are to study the production ratio 
R = B(B -> J/* K*)/B{B -> J/# K) , the fraction of longitudinal polar- 
ization Tl/T , and the P— wave transverse polarization \P\ 2 measured in the 
transversity basis in B — > J /\P K* decays. The predictions from various form 
factor calculations based an. the generalized factorization hypothesis together 
with the CLEO new dataE3 are shown in Table |J. We find again that only 
BSWII, LF, and Yang's sum rules can accommodate the data, expect that 
the value of Tl/T in BSWII is a little smaller than the CLEO data. Fur- 
thermore, if allowing the nonfactorizable contribution \i to be slightly dif- 
ferent in B -> J/* #W and in B -> DW n(p), we find that the values of 
a 2 (B -> J/* ifW) of BSWII/LF are consistent with that obtained from the 
analyses of R1-4 (see Tables || and ||) if assuming oi«l. However, note that 
the Yang's sum rule results do not behave like the BSWII or LF model. The 
value of ci2 in the sum rule analysis of Yang is larger. There are two possibil- 
ities to explain it. One is \2 ~ 0.3, a lager value compared to that in BSWII 
or LF (X2 w0.14 in BWSII, 0.18 in LF if we have adopted a 2 > 0). The other 
possibility is both the nonfactorizable values \i an d a 2 become negative in 
B -> J/* K(*\ as the D meson decays. The QCD sum rule calculation on the 
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Table 6: 0,2/0,1, if using the CLEO II data. 





BSWI 


BSWII 


LF 


NS 


Yang 


LC 


Ri 
R2 

R:i 
Ri 
Average 


0.33±0.13 
0.10±0.24 
0.16±0.08 
0.33±0.14 
0.22±0.06 


0.33±0.13 
0.09±0.21 
0.14±0.07 
0.40±0.18 
0.20±0.05 


0.43±0.16 
0.09±0.23 
0.22±0.10 
0.51±0.22 
0.29±0.08 


0.32±0.12 
0.07±0.18 
0.22±0.10 
0.47±0.21 
0.25±0.07 


0.33±0.13 
0.20±0.49 
0.20±0.09 
0.90±0.39 
0.27±0.07 


0.31±0.12 
0.06±0.14 
0.18±0.08 
0.37±0.16 
0.21±0.06 



nonfactorizable contribution in B — ► J/^f K was reported to be negative E3, 
contrary to the generalized nonfactorization hypothesis. However, it is difficult 
to understand why 02 is negative in B — » J/ty K^*' while it becomes positive 
in B~ — ► D^*> 7r~(p~). One way to solve directly this problem is to evaluate 
the class-Ill or class-II decay channels of B — > D ir(p), within framework of 
the QCD sum rules to see if \i becomes positive. 

From the analyses of R1-4 defined in Eq. (^|) one can obtain aija\. Since 
we have adopted that ai is positive, we can thus determine the sign of 02- The 
results are listed in Table [| if using PDG data. All of the results show that a-i 
is positive. Two remarks are in order. First, 02/01 of i?i t 3 for all of form factor 
results are quantitatively stable, while that of -R2.4 have large central values 
and errors. Second, the prediction of 02/01 in LF is slightly large is because 
a\ in LF is a smaller value (sec Tables [l] and |^). 

CLEO II El has also reported the data on various class-Ill and class-I 
branching ratios of B — > D" 7r(p). We show that the analysis results of 
0,2/ a i m Table |^. But now the values of a 2 /ai from i?2,4 is much smaller the 
corresponding values in Table |^. Eventually, if we account of the fact that ai 
is little small in LF, then 02 is lying in 0.2 — 0.3, which is a reasonable result 
for all of form factor calculations. 

To conclude, we have used the current experimental data and various the- 
oretical results of form factors to analyze the effective coefficients a\ and 0,2- 
Our results have shown that if allowing a minimal modification to the gener- 
alized factorization hypothesis, i.e., the nonfactorizable contribution xi,2 can 
be slightly different in different decay processes, then we have the following 
conclusions: (1) ai « 1 and oi(B -> D^D^) > ai {B -> D^*K{p)) . (2) Only 
the BSW II model, the light-front model, and Yang's sum rules can satisfy this 
factorization assumption in B — ► «//*& analyses. The results are shown 

in Tables || and f|. (3) From the results of 0,2/0,1 listed in Tables || and [| we 
obtain that 02 is lying in 0.2 — 0.3, which is a reasonable result for all of form 
factor calculations in the B — > £)W n(p) decay processes. 

This work was supported in part by the National Science Council of R.O.C. 
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